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This international symposium focused on the nonlinear optical properties
of organic molecules and conjugated polymers, an exciting area of research
clearly at the fore front because of the tremendous interest in optical signal
processing and optical computing. This multidisciplinary symposium had
participation from theoretical, physical and synthetic chemists, physicists
and device engineers. It provided a forum for people from different
backgrounds to interface their findings, to review the status of this area
from microscopic understanding at one end, to device fabrication at the other
end, and to formulate future directions. '1V9' --

The symposium highlighted, large nonresonant nonlinear optical effects in
organic systems, subpicosecond response times of their optical nonlinearity
(both derived from ,- -electron interactions), high optical damage threshold,
and molecular engineering of novel structures and molecular assemblies for
enhancing optical nonlinearity. Reported work on molecular engineering dealt
with films and fibers, synthesis of new materials, Langmuir-Blodgett films,
and electric field poled molecular assemblies.

Theoretical studies dealt with both nonlinear optical properties and
electrical conductivity in extended ,r -electron systems. Several studies
included semiempirical calculations of molecular hyperpolarizabilities, both 3
amd r
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This international symposium focused on the n'-1'near
optical properties of organic molecules and conjugated polymers,
an exciting area of research clearly at the fore front because of
the tremendous interest in optical signal processing and optical
computing. This multidisciplinary symposium had participation
from theoretical, physical and synthetic chemists, physicists and
device engineers. It provided a forum for people from different
backgrounds to interface their findings, to review the status of
this area from microscopic understanding at one end, to device
fabrication at the other end, and to formulate future directions.

The symposium highlighted, large nonresonant nonlinear
optical effects in organic systems, subpicosecond response times
of their optical nonlinearity (both derived from Th -electron
interactions), high optical damage threshold, and molecular
engineering of novel structures and molecular assemblies for
enhancing optical nonlinearity. Reported work on molecular
engineering dealt with films and fibers, synthesis of new
materials, Langmuir-Blodgett films, and electric field poled
molecular assemblies.

Theoretical studies dealt with both nonlinear optical
properties and electrical conductivity in extended V-electron
systems. Several studies included semiempirical calculations of
molecular hyperpolarizabilities, both A and .

Copies of the abstracts of the talks presented in
chronological order are enclosed. This symposium was very well
attended and produced lively discussions on technical matters.

1j
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D.1. Ulrich. 
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(atract mot avallabip at timp of publication.)

11. U0LIUEAI OPTICS: OGAIC AND POLYMEI SYSTEMS. A. 7. Garito, Department of
Physics University of Pennsylvania. Philadelphia. PA 19104.

Organic and polymer structures ezhibit unusually large. ultrafast second and third
etr nonlinear optical properties that are important to the fields of nonlinear optics

ad optical device technologies. These properties have been demonstrated in a large
mier of structurs. phases and states that include organic crystals and films, con-
Jopted polymers. moomolcular films, liquid crystals, liquid crystal polymers, polymer
guises, eand, more recently, high Oerforusnce ordered polymers. Significant advances in
F 'etal understanding have been achieved through experimentol and theoretical

teedt of impotant electronic mechanisms responsible for these nonlinear optical re-
*ess. especially the primary role of highly charge correlated w-electron excited
mates. The results of these studies will be revieved by proceeding from ordered to
prtially ordered asmeublies of conjugated molecular and polymer systes that are de-
lmd bly their respective orientational distribution functions. a

12. DgSIN, ULTgSTIUCTUU. AND DYNAMICS OF NONLINEAR OPTICAL EFFECTS IN POLIEIC
TRIN FILMS; P. N. Premed, Department of Chemistry, State University of Nev York

£hifelo, buffalo, lew York 14214. "

This talk will cover three aspects of my research program at buffalo: (i) Design
d the films of organic eacromolecular system rich in w-electrns. Molecular manipula-
de is used to control chemical design, ultrastructure, mixed phase fabricotio" and the
Wa thickness. Interfacial processes such as Langi-uir-lodgett method, electrochemical
1l4risation iad gas-solid interface reactions are used to fabricate films of thick-
Ws from mommolocular to several microns. (i) Ultrastructure of these films. We in-
atigate cbemical structure, conformation and doin structure by a variety of spectro-
1pic techniques suitable for thin film. (il) Nonlinear optical interactions. Is-
0lts will be presented from our picosecond and subpicosecond four wave mixing experi-
sets to discuss the mature of third-order nonlinear optical processes in these thin
fW0. Surface plasmon coupling and optical wave guiding have been used to investigate
selifarities of monolayer and miltilayer files. Device concepts based on nonlinear
W'Wetias of polymer films will also be presented.

3. ION LINEM OUBANIC CRYSTALS FOR PNMADTRIC AMLIFICATION AD
SMPLING SPECTROSCOPY (PASS)

1. LEDOX, J. WAM. J.L. OUDAR and
CET -196 Av. enri navEra 9220 IAW FfiUMCE

0. HULIN, A. NMIUS and A. AMOETTI, ENSTA 91120 PDLAISEAU-FRUNCE

A IN bsnlioe Is prtsented for the sibp€cosecond smling Md nmetnc '

0"tcation of w Infrared (f5a 0,5 to 1.6 *p) l ginescoce sgnals. It%
406 an the avalability of a efficient sallsr argluic crysta l sach as P

(.(4-nitr phewl)-(L)-prolinol). A ClIN laser (100 fs 4urat|o" at 620 M. I su per
001"e) %Mggrs throe* 1.S Me Of NPP a gai n of 10". The ultrafast Amplificaion

tqlores in tion, Iwlonescence daration 8t a iven wavelength. Phase and group-
aci7 watching in VP9 together with Its d coefficient (200.10"9 e.s.u.)

aminnt for 1is efficiency. PASS is dmonstradi1n various semiconductor samples
8i a Met .3. source md of a CPH laser pumped contlnwum emitting water cell and
OWN VP crystals Is shown to oult powerful tunable sub1cosecond pulses.

14. LECTRIC-FIELD POLING OP NONLINEAR OPTICAL POLYMERS. C. S. WiLLAND,
S. E. 1eth, M. Scozsgfava, D. 3. Williams, Corporate esearch
Laboratories, Eastan Rodakt Company, Rochester. New York 14650,

G. 0. Green, 3. 1. Weinshenk, H. X. Hall, J. V. Mulvaney, Department '1
of Chemistry, University of Arizona, Tucson, AZ 65721

It is well known that conjugated organic systems often display large
molecular seoond-order hyperpolarizabilities. Currently there is only
liited use of these system in devices based on second-order nonlinear
Optical effects as the materials are required to be noncentrosymatric.
Various methods are being explored for producing acentric materials.
Among these, electric-field poling of nonlinear optically active molecules
oontained in a host mdium has been shown to produce substantial macro-
$oopic nonlinearities. This talk will focus on the role of polymers in
enhancing olecular alignment in electric fields. Me ulta from solution
second-harmonic generation measurements using model monomer and polymer
ystme will be discussed.

.. ... . ... . . . . ... . . ,. . ., . .,V-.,



* TUSA NXIG - 63CT101 A - SYMPOSIUM ONSETRATV
POTIS- O5MIOEZR WITH THE DIVISION OP POLYMER CHEISTRY

(CONTINUID) - 0. Will.iam Presiding

69. FREQUENCY AND TEMPERATURE VARIATION OF CUBIC SUSCEPTIBILITY IN
POLYDIACETYLENMS P-A. Chollet, F. Kajwa, 3. Messier - CEAIIRDI
CZN.SACLAY - DZIN/LERA - 91191I Gli-oxm-Yvet Codes - France

Poelydiacetylenes awe kiown to exhibit large polarizabilities enhanced by one dimenslins
esehectroe doeocalleatlon ard excitonic character of electronic excitatlon. Third harmonic gon.

ration ONG) and electick field induced second harmonic genieration (EPFISHG) experiments have been
carried out on polymer d"i films prepared by different techniques (Langmuir-Blkodgett, dipping out
from polymer solutions, vacum deposition) and having different conjugation length, at variable
incident photon enerpy and temperature. Two and three photon resonance enhancement in THC and
two photon resonance on even And odd parity levels in EFISHG are observed in near I. Their origin
and posle practical epercussion will be discussed. A well pronounced dependence of cubic

-Vcetlllty with conjutton length is obeerved. The exicitonic character of cubic hyperpolari-
zability is studied by THG measurements In function of temperature. Internal polarization is
massued by 1,1514G.

69 I11fl DCHSDM IN A PO1.ITAMTYLE U X MEASRED BY 04DAT POU-WAVE
HIRING WTTH IC00 T MA1803 LAW. T. Novoahi, and T. Hattori 0 Dptm-t

of Physics, Univeity at Tokyo, Horg, 1Tyo 113, Japan

Usrs has bums much lntamt in the dynaical proprtion of eucited states in
palydiamtylmsee (PO's). Te dephsing time (T2) ina POR's has been studied by several

grup, bit they cou' rot reolve T. We could for the first tm resove the
mng1mwing time in a PM 4poly-330RJ) film. It has beein shown that ons can obain very
imwt resolution times by winq bro-band (incohrnt) light in dopasirq mesarenfts
by deqmmrte fou-weve mixing (UM). in ar experiment, a brad-burd dye Laser pmie
by a N12 lawe was use for the incohrent ligh~t source, and EWM signals diffracted in
tw directions ware smualtaneously detected to obain resolution timesW slte than the
corel.ation tnme (about 100 fo a o the incoeret liost. With the oberved peak
shifts, 30 ad 90 fe at 640 ad 562 no respctivly, dehoing times are calculated to
ba 30 to at 648 na and 130 to at 582 no. Th medanime which give the differance in
dophaili times will be discsieS.

70. 5=1DI5 Of NDOZ AND POLYMER IONOLAYERS USING OPTICAL SECOND AND TIRD HARMONIC
CINKATION. G. lerkovic and T. 1. Shen, Department of Physics. University of

California. Cancer fot Advanced %terisa. Lawrence Berkeley Laboratory. Berkeley.
Calif ornia 96720.

Optical second harmonic generation (SIC) is a highly surface eansitive technique
for seudylag ultrathi. molecular layers. We have used this technique to study mono-
layers of various organic monomers and their corresponding polymers spread ot sit/water

interfaces. The S11C from a water surface covered with a monolayer of vinyl steerste (or
octadacyl methacrylate) was such larger than that from a pure water surface. After the
snolayer was polymarised by uv Irradiatio. the BUG decreased to a value Identical with
that obtained from a monolayer of authentic (bulk polymerized) polymer on water. In
collaboration with P. P. Premed. monolayer polymerization of disatylenass was also
studied by SMC. as well s by third harmonic generation (TUG). Although TUG, unlike
SWC. is not a surface specific probe, the extremely high third order nonlinearity of
polydiacetylenes has enabled us to observe for the first tie TUG f ran a single mono-
layer. Methods of calculating molecular nonlinear coefficients f ran monolayer SHC will
be discussed. This work supported by DOE under Contract No. DZ-AC03-76S?00098.

71. DEVELOPMENT OF POLYMERIC NONLINEAR OPTICAL MATERIALS. R.N. DeMartino.
Z.W. Cho*, 0. Bas, G. Khanarian. T. Leslie, G. Nelson, J. Staimatoff,

0. Stoat:, C.C. Teng, U.N. Youn.Celanase Eis-Co.,86 Morris Ave.,Suinit NJ 07901.I
Currently available mterials for NLO applications, such as optical

mdutlation, routing, and amplification, lack many of the critical require-
sets for true industrial implesmentation. inorganic and organic single
crystals are difficult to grow, expensive, and are not capable of fabri-
cation into intricate parts. polymeric materials, on the other hand, can
he manipulated into the desired orientation necessary for second or third
orfer activity, fabricated into the desired shape, and the resultant
structure frozen into place by oooling to room temperature (below Tg) .
structure-p raper ty relationship studies on a large number of simall mole-
cule organsics have been conducted. The compounds with the highest mole-
=ler activity, 3, were incorporated into polymeric structures to achieve

materials with high second order susceptibility. These NLO polymers can
sow be fabricated into this desired orientation and shape for subsequent
utilization in a variety of device applications.
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COSPONSORED WITH THE DIVISIO OF POLYMER CHDISTRY (CONTINUED) - '
B.F. King, Presiding

'.

S. THEORETICAL STUDIES OF ELECTRONIC STATES AND DEFECTS IN CONJUGATED
POLYMERS, Robert Silbey, Department of Chemistry and Center for

Naterials Science Enineering, Massachusetts Institute of Technology,
Cambridge, MA 02139.

We present semiempirical calculations of the electronic structure of
conjugated polymers, such as the polydiacetylenes and polyaniline, in
order to discuss the conductivity and optical properties of these systems.
We will assess the role of defects in these systems.

85. ELECTRONIC TRANSPORT IN DISORDERED POLYMERIC FILMS.
H. Scher. Standard Oil R&D Center. 4440 Warrensville Center Road.

eve a nd. Ohio 44128

The study of electronic transport in a well investigated photoconducting
polymer system has been revisited. Photocurrents in polyvinylcarbarzole (PVK) were
studied over 10 decades in tire. An snalytical approach is proposed for extracting
rate distributions from the measured photocurrents which is completely general. We
find. that the trapping rate distribution is not exponential but 'flat' and that it
shows a cutoff at low rates. This distribution gives rise to the novel feature of a
gradual transition fhom dispersive to non-dispersive charge transport during a single
transit. The temperature- and field dependence of the cutoff rate r was studied in
the framework of a Pooke-Frsnkel mode. We discuss the generalitycof the results.
resolution itation of our analytic approach. the importance of measuring ove many
decades, and an interpretation of the mobility mechanism.

86. Y.T .N £KSNC' OF .TANISITJO 4 HIOMENT&I COJiJUG D.;'"?
o pt. o Cem, rrnceton vers ty, I-.ncet.0

N.J. 08544; K.S. Schweizer, Sandia National Laboratories, Albuq.,
N.M. 87185

both polydiacetylenes (PDAs) and polysilanes undergo rod-to-coil tran-
sitions that blue shift ont; broaden their lowest optical absorption. Such
conformational effects are conventionally interoreted as breaks in the

conjugation patin that result in shorter segments with higher-energy
absorptions. We demonstrate blue shifts in the opposite limit, when con-
jugacion cnanges are neglected entirely, arising from conformational con-
tributions to the transition moment. The total intensity satisfies a sum
rule, is enarply peaked at the band gap for a rod, and is blue shifted in
the coil on relaxing crystal selection rules in a wormlike polymer with
neraistence length (2)-I. Similar effects are attributed to the crystal-
live and amorphous regions of polyacetylene (PA). The correlation depend-
once of the absorption is considered in the exciton and electron-hole
limits At least part Tf the observed blug shito have a simple conform-
scional orgin for pers stence lengths of 3-u bonds.

S7. EXCITATIONS IN CONJUGATED POLYMERS, E.J. Mele and G.W. Hayden,
Department of Physics, University of Pennsylvania, Philadelphia, PA 19104

A Hubbard-Psieris Hamiltonian is applied to study the spectrum of
self localized excited states for several model conJugated polymers. We
employ a numerical renormalization group method to study correlation ef-
fects in finite polyenes of intermediate length, and a more approximate r:
-onfiguration interaction scheme to extrapolate the results to longer
systems. We find that a highly correlated even parity singlet excited
state competes with an odd parity singlet excitation as the lowest singlet
excitation, in agreement with various studies on the Pariser-Parr-Pople
model. The lowest lying excitations in the model are identified as triplet
excitations. Self consistently relaxed lattice configurations surrounding
these electronic excitations are studied. Here we find a relaxation of the
odd parity excited singlet into solitonm in the bond alternation field, as
well as a similar relaxation for the even parity excited state singlet. we
denonstrate that correlations in the presence of the short range repulsive
potential provides a mechanism for the production of long lived spin 1/2 ,N
neutral excitations for degenerate ground state systems and spin I neutral
excitation@ for nondegenerate ground state polymers. I-

.



O WEDtESDAY MORNING - SECTION A - SYMPOSIUM ON ECTIOACTIVE POLYMRS
- COSPONSORED WITH THE DIVISION OF POLYhU CHEMISTRY (CONTINUED) -
1. Goldfarb, Presidin

130. SMILB3L IEIFAF39 C LAM P X : PAS)M AM EU!IM(hL 0NDUCr I"r .
L. R. Daltonr, j. Thomeon, C. L. Young, L. P. Yu, P. H. Brymv, and R. M4nto) mary,

srmiEnt utry, University of Southern California, Las Angele, CX. 90089-0482.

Nateroaranatic laIder polymers of wymutry (i.e., 6 01 ) sufficiently high to
appot polarcr have bean synthiszZed by deimation rectfa msloyU monomrs dre-
wt.izd with various (including flexible d ain) substitet.,S. Ntt cnly awe doe r lt,
polymrs soluble in cnventral solvents but paruvuraic spies e a ered to be
hily stable; and for im r polyme seroIts, prqared by sequntial sycthaass tec-

iues, resolved hyperfi interactions are observed in the mwtacruil W q .tra-
spin density distributions have bow defined by analysis of the EP spctra d by DE
masuirumnts. Prepration of woluble polym.wr of defined dhain lowth has permitted
evaluatinn of the depene of electro delocalization upn dain lenqth Which in turn
provides insight into electrica.l occluctivity and nortinsadi optical activity in theme
mterials. Instrinsic electrical conductivity mnsurements have been orMlAted with
moBirm ts of the tical gp for both solution and film samples. Cyclic voltamtry
msrunts have ben exacuted to define c ation/reductim potentials. DEXrFtKAl
parameters are crrelated with theory.

151. TRANSPORT MODE S OF PILYACETTIDE: INSIGHTS MlON MEAGNETIC IUSONANCE
EEPERI, TS. J..J.. wnn and H. Jin, Exxon Research and Engineering. Route
22E. Annandale. NJ 00801; S. L. laker. bell Communications Research. 331

11hen Springs Road. Red Bank. NJ 07701; E. Mustedt and 6. N. Roblmson, 0"artaent
if Chemistry. University of Washington. Seattle. WA 94195

Ngetic resonance has played a major role in probing solitae dynamics in (CN) 3 .
lefortunately. a plethora of often conflicting conclusions have been reported for
both the mgnitude and temperature dependence of the diffusion rate as well as for
th 1-0 coherence length. One difficulty has been the intractable and disordered

Nature of (CM), prepared according to the standard Sl itrakawa procedure. We have
addressed this problem by performing a variety of key magnetic resonance experiments
em a new fers of tres-(CM) x containing an order of magnitude fewer spins. Using
this material it is possible to discriminate between the relative contributions of
spin dynamics and spatial diffusion that have coeplicated the interpretation of
magnetic resonace experiments. We find that previous estimates for beth the
a-chain diffusion rote and 1-0 coherence length have been drastically
everestimated. The implications of these new findings on transport models of
pelyacetylose will be discussed.

152. ELECTRONIC STRUCTURE OF POLYPHENYLENE VINYLENE. F.E. Karasz. R.N. Lenz,
and J. Obrzut, Dept. of Polymer Science. Univorsity of essachusetts. Amherst.
NA 01003

The electronic spectrum of thin films of undoped PPV shows three absorption bands -
with maxim at 6.12 eV. S.36 eV and 3.09 eV. The first two are related to localized
molecular states, and the broad bend at 3.09 eV Is related to exciton mtion in the
periodic structure of the PPV chain. The 3.069 eV energy for the lowest transition In
MV calculated by using an electronic vibrational excitoo model Is in good agreesent

with the observed 3.09 eV polymer bend. The vibrationally coupled exciton is also evi-
dent from the sharpening of the polymer bend observed at 77K. The spectrum of
electrochemIcally doped file shows two additional absorption bends at 0.80 eV and 2.1
eY associated with a di-cation dlocalized over approximately four polymer units and
surrounded alternately by neutral sites. Since the di-cation has a quinoid structure
the original PV periodicity is broken and the exciton motion cannot be characterized
by the PV wave vector. As a result the polymer bend selectively decays with the
appearance of the two lowest electronic transitions from doubly charged sites.

153. TOWARD N31 ELECTIONIC STRUCTURES IN CRYSTALLOGRUAFICALLT ORDERED ELECTROACTIVE
ODNJDGATED POLYMMES D.J. Sandman. GTE Laboratories Incorporated. ,O Sylvan Road

Valthem. NA 02254 and N.T. Jones. Department of Chemistry. University of Missouri-
St. L us. St. Louis. NO 63121

The polydiacetylnses( DA). a class of electroactive materials which are fully
ordered crystallographically, have attracted interest in recent years due to reports of
hig hvlues of carrier mobility mad third order nonlinear susceptibility. th. latter
are accmpanied by subpicoeecond response times at off-reasonance wvelengths. FDA say
alo serve as sources of other types of delocalised electronic structures. Yhe synthesis
of a cryetallongsphically ordered mixed polyacetyloue( *AOK.A-%C-.0 ), where A- 1-
celimsolyl S- Sr. has been achiaved via the eolid state reaction Of poly-l.6-di-N-
arbasolyl-2.,-ezadiee(DCH) and broaie. The reactivity of poly-I,.'.66'-tetrphenyl-

bhmadiynediemmo(NTD) Is compared to that of poly-OCK. asd the magetic properties of
the remlteng materials, an studied by static euecpttbtttty and electT., spin resonatwa.
are contrated. The roles of side chain energy levels and conjugstion defects are
discussed is relation to the reactivity of poly-00 sad -TED and the properties of the
esultet materials.
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S6MA Ar EH1UOONl - SBCLLOM A - STWI ONW 1LLR1CTIVT
POLTHS - COSPONSORED WITH TE DIVISION OP POLTIR CHIMUSTRY(aONTIMMS) - L. Davis. lPreid~ng

146. SIDE CHAIN LIQUID CRYSTALLINE COPOLYMERS FOR NLO RESPONSE, Ansels C. Griffin and
Amead ). Shatti, Departments of Chemistry A Polymer Science, University of
Southern Mississippi. Hattiesburg, MS 39406. tox 5043, Southern Sts.

Side chain liquid crystalline polymers are attractive candidate materials for non-

liaear optical response. In an attempt to obtain such polymers exhibiting highly non-
linear behavior we have synthesized several polyacrylate side chain polymers in which
the pendant nlo/esogenic miety is designed to give a !arge clang. in dipole somert
umpon * -xcitation. In particular we have used copolymers in which one coonouer con-
tains a chiral unit while the other comonomer contains the nonlinear optical chrowophore.
Design, synthesis and characterization of the monomers will be described along with the
details of polymerization. In addition the liquid crystalline properties of the polymers
will be described.

This work was supported by the Air Force Office of Scientific Research (AFOSR-84-0249).

167. AROMATIC RETEROCTCLIC LIQUID CRYSTALLINE POLYMERS: SYNTESIS, PROPERTIES, AND
USE IN 1.ZCTiOPTICS. Steven P. Bltler. J me P. Wolfe. SRI Incarnational. 333
savenawood Avenue. Menlo Park. CA 94025

Organic materials offer major advantages over inorganic materials in the field of
alectrooptics by exhibiting an Increase in proceioablity, fabrication. response time,
daa t..o hreshold, and nouresonaot susceptibility. We are synthesizing moteriale based
am poly(p-pb-mylanabosobiethLasole) (PBT) or poly(vppenyleobeoxobLszole) (PBO)
that wL11 be useful In either second order processes (ocentroeysmattrc structures) or
third order processes (highly conjugated strctures). The subject polymers are prepared .

Ja liquid crystalline solution and or* Ideal candidates for use in *lectrooptice "
because of unsaturated backbones and high degrees of molecular alignm t. The synthesis
and characteriation of model compounds. olisomera, and polymere will be discussed
along with physical maanuremente relating them directly to other electrooptic materials.

1. SYNTHESIS OF ELECTROACTIVE POLYMERS, F. Mud1, Y. Ikenoue and A. Pat., Institute

for Polymers and Organic Solids and Department of Physics, University of
California. Santa Barbara. CA 93106

At this symposium talk, we will present our latest results on the smallest bandgap
omucting polymers syntehslzed to date (0.6 eV). We will also present our latest re-

sults on our soluble. processable conducting polymers based on substituted thiophenes,
We achieved the record small bandgap by suitable substitution of our I eV conduc-

ting polymer. PITh, and processability by alkyl and elkanesulfonate substitution on the
thiophene ring of polythiophenes.

ORIENTATIONALLY ORDERED ELECTRO-OPTIC MATERIALS. K. D, Singer, J. E. Sohn.
end N. 6. Kuzyk. AT&T Engineering Research Center7PT. 0. Box 900,
Princeton. NJ 06540.

Electro-optic and optical permetric interactions In materials require
that the material be non-centrosymsetric. This has lead to a greet deal
of research in growing non-centrosymetric crystals. However. It can be
shown that a material need not be crystalline to be non-centrosymetric.
Poled liquid crystals and polymer glasses belong to this group. Such
poled plterials incorporating molecules possessing large molecular
Secofd-order nonlinear optical susceptibilities have been show to
possess substantial optical nonlinearities In the near-Infrared. The
pOical mechanisms underlying poled polymer glasses and liquid crystals
will be described, and recent results in the measurement of the second-
hermonic and electro-optic coefficients will be presented. Also discussed
will be Isues relating to the potential device applications of poled
erlentationally ordered materials.
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THURSDAY MORNING - SECTION A - SYMPOSIUM ON ELECTROACTIVE POLYMERS
- COSPONSORED WITH THE DIVISION OF POLYMER CHEMStRY (CONTINUED)-
L. Dalton, Presiding

180. CONFORMATIONIAL TRANSITIONS IN POLYDIACETYLENE SOLUTIONdS. nI. G. Peiffer. T. C.
Chung, nl. N. Schulz. P. K. Agarwal. R. T. Garner, N. Wd. Kim, and R. R. Chance.

Corporate Research, F xxon Research and Engineering, Annandale, NJ 081801.
Route 22 East, Clint on Tw.

Visible absorption, infrared absorption. Ramon. nonlinear optical, &no kinetic
measurements are all strongly suggestive of a single-chain origin for the confor-
mational transitions observed for polydiacetylenes in the Solution phase. poly4RCMU and
Poly38CMU being the prototypical examples. Intramolecular association between sub-
stituent groups on the polydiacetylene backbone has been assigned as the driving force
for the transition; in the case of the RCMl polymers, hydrogen bonding provides the
association mechanism. We report here rheological and time-temperature dependent
quasielastic light scattering measurements for poly4BCMu in the dilute-seolidilute
regime. Light scattering measurements during the coil-to-rod transformation (yellow.
to-red color change) demonstrate that dramatic color changes take place without any
seasurable change in hydrodynamic radius, confirming the single-chain origin of the
conformational change. On aging, aggregation is observed as an order-of-magnitude
increase in hydrodynamic radius. A parallel series of experiments on poly3BC"U is now
underway.

181. ELECTRICALLY CONDUCTIVE POLYMERIC MATERIALS AND NONLINEAR OP*TICAL MATERIALS5 BASED
UPON POLY(j-PNENYLENEEENZOEISThIAZOLE), PBT. P. DePra. J. G. Gaudiello. J.

Caler, D. Li, S. H. Carr, N. A. Rtner, and T. J. Marks. Dept. of Chemistry. Dept. of
Materials Science and Engineering, and the Materials Research Center. Northwestern
University, Evanston, IL 60201.

The rigid-rod ordered polymer poly(p?-phenylenebenxobiatbiaxolel, PET, Is one of the

strongest and most robust man-made substantes. In this lecture, we discuss research 5

aimed at employing the unusual properties of PBT to produce new electrically Conductive
Polymers and to produce new optical materials with highly nonlinear response. Strong.
processable. PET-based conductive maiterials can be synthesized by "alloying" PET with
phthalocyanine molecular metals. We report on the microstructure. charge transport char-
acteri±stics. tharukal. and imechanical properties of fibers produced from such alloys. In
addition. fumes of pure PET can be doped electrochemically to produce electrically con-
ductive polymneric materials. The electrochemical, structural, optical. and charge tran-
sport properties of these films are discussed. Finally, PET can be employed as a matrix
in "guest-host" approaches to nonlinear optical materials. The choice of host Ima teriel
is guided by highly accurat, computaclonally efficient. PPP w-electron calcuistions of
molecular optical nonlinesrities.

182. IlEODYNAMIC STUDY OF ELECTRON-HOLE EQUILIBRIA IN ELECTROACTIVE POLYMERS. Nowsa-d
Reiss and Dai-uk Kim, Deportment of Chemistry and Aioclemistry. University of
Caifornia. Wes Angeles, California 90024.

The equilibrium distribution of an electroactive dopant between a polymer and an
external phase depends on the "Ionization equilibria"' involving electrons, boles, polaro-
bipolarons, etc. within the polymer. This Is amply demonstrated in semiconductors. Thus,
thermodynamic measurmets on the distribution have information on band structure and me-
chaniam of ionization. Furthermore these data are free o1 complicatiwns associate,. ut:.

"interchain hopping". We have undertaken such measurements concurrent with conventional
ones, for the system Iodine vapor-polytbiophene. Reversible absorption and conductivity
measuremente reveal remearkable phenomena, including (in the case of films) a sharp discon-
tiouity to saturation, depending, only on total pressure, and probably of electromsechanical
origin. Its explanation may involve the formation of Schottky diode between the film and
Its gold substrate, or changes accompanying the merging of filled and emrpty bipolaron
bands. The phsnocmenon is absent in free standing polythiophene powders. The absorption
isothersa at low Iodine pressures reveal information on electronic equilibria.

1S3. POL PLY(VIYLTME ?1J.~r) AS A HOST FUR GMT MC14-LMEAR OPTICAL
JU IZS P Pantelim, J R Hill and CG aies, British Telecim

flemardah Lmotor-ies71WxtlefaMi Heath, Ipswich, M 7RE. Unsited Xinglm.

Iroorpormtng ast rar-liraaz- molecules into polymric hosts is an attrectlve

techiqu soIt offers the oporuity of utilising highl1y rxzi-lirar species
Witch uwgit oUttenias crystallise ountroymtrically. Them molecules
rmq~zirv ordering in their host by the apliction, of electric fields (poling).
Often, this in not acievable oing to dielectric breakbw or bulk
ontivty. Iovver, it ise know frm cur earlier piezoelectric workthUat a
coolywr of vlzliww nuaoride midi triflijrethylee can susntain, intense
electric fields. This, togthr with the sooompiyri dipolar ordern of the
polwr cryotallItem shld po a hoart mteiil with a sale. high.,
Intetyal zwidnl electric field. We hove measaed intem.1 filds~ em hspj as
nonIir moleculesend~ piro*" a stable mytm. Prvoemiuig atiails are

given. IncluingI fima-focimmtlon by solent casing ad oorum poling. Reaults

an fil de talsto am al %Im,~W%%%



j TNWSDAY ATIRTNOON - SECI ON A - SYMPOSIUM ON ELMOACTIVE
POLTIHS - COSPONSORD WITH THE DIVISION OF POLYIGE CIDUISTRY
(CONTINUED) - P.N. Prasad, P.residing

190. ELECTO-OPTIC DEVICE APPLICATIONS OF POLYNER LIQUID CRYSTALS. HarryJ.Coles,
Liquid Crystal Group, Physics Department, The University, NanChe5TeFrlTlT U.K.

Over the past few years developments in polymer synthesis have led to a new
class of oriantable liquid crystal polymers wtth considerable potential for electro-
ad opto-optic device applications. These polymers have flexible or seami-flexible

backbones with pendant electro-active side chain mesogens. In this talk we will
discuss the structural features that lead to and control the liquid crystalline
properties of such polymers. We will show how these mterials may be aligned in
electrical and optical fields and how the degree of alignment i~y be reproduceably
controlled and stored. Experimental data from light scattering, birefringence.
dielectric dispersion, viscosity and electro-optic response time measurements will
be presented. Sy attaching optically anisotropic dichroic, fluorescent or optically
non linear side groups to the polymers a new range of optical phenomena have be"-
recorde and these will be discussed in term of novel device applications.

191. NONLINEAR AND ELECTRO-OPTIC ORGANIC DEVICES. . ltelo G.F. Lipscomb, and
3.1. Thackara, Lockheed Research and Developme' tiVDIion, 0/97-20, B/202,
3251 Hanover Street. Palo Alto, California 94304

Organic and polymeric materials have emerged in recent years as a promising
class of nonlinear optical media for novel device applications. The nonresonant
interaction of light with the pi-electron system in certain organic materials
leads to the possibility of fabricating faster, more efficient devices thin with
inorganic media. Major benefits of these materials include large, ultrafast
susceptibilities, low DC dielectric constants, and significant structural and
optical features, such as architectural flexibility (films, crystals), high
optical dmage thresholds, broadband visible response, and stability. We present
an overview of the nonlinear optics of select organic materials at picosecond
time scales and describe recent progress in the fabrication of waveguide electro-
optic devices based on polymer films.

192. EON-LINEA2 OPTICAL PROCESSES I OPTICAL FIlZS. A. K. Nevar, British Telecom
Research Laboratories, Nartiesham Beach. Ipswich IPS 72E. United Kingdom.

Advances in the development of highlv non-linear organic materials have
stimuLated istorese in the fabrication of optical parametric devices. Optical fibres
with mn-linear orgavdc €rvatalline cores are becoming increasinglv popular as they
afford protection to the organic cores and have the advantage of uniform dimensions
for phase-atchsng. They are also compatible with silica fibres. The fabrication
process involves orientated crystal growth from the melt within glass capillaries.
it lumber of materials have been successfully grown in capillaries with 2 um to 10 us
bare diameters and upto 50 lengths for single eods operation. At the metcing.
fabrication, assessment of linear sod non-linear optical properties of crystal cored
fibres, and device design constraints will be discussed.

193. NLIUIAR OPTICAL i ROCSSZS AND APPLICATIONS I THE 1EAR AN PA IN7E.ED
U'BCTRAL tiGION VITH LIQUID CRYSTALS. j,3,0Department of Electrical
tineritnSPennsylvania State UniveraityUniversity ParkPA.1602

ulamtic liquid crystals are geerally quite transparent throughout the infrared
gioo.ThIs propertyin combination with their eztromly large room temperature

optical monlinearityand our recent success in fabricating millimeter thick omatic
film,smka the " excellent candidates for novel nonlinear optics applicationa. In
particularoptical bem and image mplictiona,optical phase conjugation and intensity
witchli processe can be performod vwl" retively low power CD2 and OD laers. I -

vill diecuss the theories and so new aspects of these nonlinear processes,the roles
played by the liquid crystal film and recently obtained experimental results.Special I
imetrical and optical configurations governing the success of those processesthe
posr and inteneity requirmentarespowse times and the efficiencies of these processes
mi also be presmated.
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0 gRIDY MORMING - SRCTIOII A - SYMOSIUM ON SECTACTocIVE POLYIUS
- COSPONSOUZD WITH TE DIVISION 0? POLYM C11DMSTLY (CONCLUDED)
- G.L. Baker. Presiding

201. IM syN1IfTIc ycm 1t7Z MOMU EummCAI'IV P M JTomo and L. IL. Dalton,
~oquitmat of chmsitry, unt±'vity of Smitharn Ca.ifozrnia, Los Arisle1m, Ch 90089.

A mjor inpubant to thea qplicmt-a of @--Usd1* "o-4-tuq polymairs' has bow~
their ivlubility. We hrav reass1 this problem of proomaibility by synthesizing

soul pw m polymer. sicti "m Durtm polymoetyle and by prqaruq d.rivat-ticd
siamrs whdi whdi use in ocndmticm ree~icn loa to so~luble electroactaxve polyrners.
ft ham also drieop seqiuntA.Ia synthesis tadwtirulm, Iiding the ume of blcckdug and
ard-apig zmegeints, whli harve permitted prq~ratici of polymers of defie diain
lernqth. Control. of chalmi length and inxorlogy is uirtant for dafining them ~anhrims;
of nonIixmar otical activity mid aectrica1 condctivity and for optimizlJW axi activity
In pearatiain of soluble polymers has also facilltatd post polymerizaticii derivatiza-
ticir, alymr preparation, aid ocqaite fabrication.

in2. POS.YUIROLIME OtASF.l INETRINSIC COMOUCTIN4G POLYMERS. L, ang. D. C. Johnston,
and J. P. Stokes. Corporate Research Laboratory, Exx ;!K~rc and Engineering
Company, Annandale, Now Jersey 08801 Route 22 East.

A series of quinoline oligomers were synthesized hy a novel catalytic dthydro-
genative polymerization of totrehydroq'ilnoline using rhenium sulfide as a catalyst.
The vapour Phase thermolysis of these quinoline oligomers at 900 - IO000C yields a new
class of highly Intrinsic condoictIng organic polymer films. Roth transmission electron
microscopy and powter x-ray diffraction of the film showed an amorphous structureless
appearance without any obvious evidence for graphitic layer structure. These film
exhibit a Conductivity of higher than 400 S/ca at room temperature without doping and a
goo stability under ambient condition. The conductivity was found to be very weakly
temperature dependent, as in a meta. with a resistance ratio of R29 j/R ntK equal to
only 1.41. and a resistance maximum at 29 K. We report also the resu ts rom thp
thersopower measurements.

203. PROPERTIES OF LOW SPIN DENSITY TRANS.FOLYACETYLENE. Gregor~
L. Baker. John A. Shelburne 111, and Shahiab Etemad, Bell Comnmunications
Research, 331 Newman Springs Road, Red Bank NJ 07701; Hans Thomann. Exxon
Research and Engineering, Route 22, Annandale. NJ 03801; Lewis Rothberg.
AT&T Bell Laboratories. 600 Mountain Avenue. Murray Hill. NJ 07974.

Traa,.polyscetylene containirig an order of magnitude fewer spins than standard samples can
be prepared by a modification of the Shirakawa procedure for polyacetylene synthesis This
material is identical to Shirakaws trans-polysceeylene except for properties which depend
apon the spin density. Magnetic resonance experiments indicate that the neutral defects in
the low spin material are chemically identical to those in Shirakawa samples. yet are
immobile. In photoinduced absorption experiments, spectral features observed at
microsecond time delays which have been attributed to charged solitons are fourd to be
strongly correlated with the spin density. These results help clarify The optical and magnetic
Properties Of o'as.-polyaesylene.

204. TOWARDS OWDRSTANOING ENERGY GAPS OF CONJUGATED POLYMERS. Miklos
gertes. and y.s. Iee, Department of Chemistry, Georgetown
University, Washington, DC 20057.

The electronic structure of polymers with aromatic (Al and quinoid
(0) forms are reviewed (polypyrrole, poly-p-phonylon*, polythiophenem,
etc.) based ont recent more reliable NDO polymer geometry optimized
total energy calculations. Polythiophenes with bridging -CPh. groups



have been found by Jonekhe to possess as small energy gaps as half of
that of polyacetylone C-CH-CH-) , PA. It is found, that the bond
length alternation silong the C41 backbone of the polymer is similar
to, but modified relative to, that of PA. The presence of A and Q
groups is a consequence of the fact, that an odd number of -CR- groups
bridges the two types of rings. For x-y the he-tero-substltution has
no significant effect on the gap, if needed the experimental results
can be described veil. The trends for the case of xey and several
other S and N substituted polymers are also discussed.

205. oWF RUONANa. LETNC mimo 0)ICDNJUGATED PoLYMERS

Umsbesad, Fancois Kajand Cocl L Baker,
VMCaugulsions Research, Red Bank. NJ 0"701.

0 Als a CEA-IRDA. MD/Seclay.91191 Gif-surYvete Frace

goeaon mnqmn We found the mnneof X in theasae SWt region is in exu of 10* and
dcerfthe twophoton astispion band at 1.3 po. We found both the magnitude and the ofectru too b

invke i ode o apl he reutI hswrkw sectnwasueet fromt both polyacerytene ti im
and single cras of polydisetylene (iTS). We have extended the lon wavelength laru of our previous report upto
shown d la with the hope of reahing the tue off resonnce lumit for both theilrdamental sand the third harmonjc
Tho ad will be dhised in an elfort to determine the origin of the large )( in conjugated polymers

206. KLECTROCIISTRY OF FOLTANILINE. Walter Wi. Focke and Gary Witek. Department of
Materials Seiene@ A Ensgineering. Mssachusetts Institute of Technology. Cambridge.

NA 02139.

The conductivity and electrochemical behavior of electrochemically synthesized
polyaniline film, In contact with aqueous electrolytes. were studied in the range
0.4 < pH < 6. Cyclic voltammetry data indicate the presence of three redox processes.
The positions of the oxidation and reduction peaks were found to vary with scan rate.
Eatimates for formal potentials ware obtained by extrapolation to zero scan rate. For
the first redos proess. the formal potential (El a 0.05 V vs SCE), io Independent of pH.
The formal potentials for the scond and third redox processes shift to sore cathodic
potentials at rates between 80 ad 120 mY/pl. The conductivity, at a given pit, showe a
miams at a potential roughly halfway between the formal potentials of the first and
second redoz processes. This optimeas potential shifts to sore cathodic potentils at a
rate of -70 mV/pU. Potentiometric titration data show that the locus of optimum
potential does not correspond to a unique redox stats of the polymer. The implications
of these observations on the conductivity mochanisa In polyaoiline will be discussed.

207, gSwCTD-g32CTDGUMCAL. STUD! OF POLYAKILIKE. R. J1. Cushman, S. C. Yang arid
P. IL. Miheus, Department of Chemistry, University of Rhode Island, Kingston. I

Optical absorption spectra of polyaniline in the visible, near IR and IR spectral
regions were aaurd with ins-situ control of the alactrocheaical potential. The elec-
troeawially imiuced electronic structural changes of polyaniline were found to be
atronay dependent o the eztent of proconation at the nitrogen atom sites. In-situ IR
and Asamn spectra provide information about the bonding snd conforustional changes when

the elsecroslc structure ia mitebed. We will discuss the relation between the protonitc
acid "Pius Sam the lactroeMcal doping of polyaniLnot.

Mwe electrical conductivity Switching and the electrode activity changes of thin
film polyaleie Ise correlated with the Spec tro-elec trochamica ly determined transforms-

Support lby UF Grant C-26462 is &ckamaledged.
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Xg. SLICTSCEIILUNINESCICE AND CONDUCTION AT CHEICALLY IDDIIED MICROELMCTIODZ
ABUTlS. C.I. Cabrera, N.D. Abruna. De artment of Cemistry, Cornell University,

frlia IY 14853.
glectrochealluminescence and redox conduction studeaes at surface modified micro-

electrode arrays viii be presented. We have prepared, via electron beet micro-
fabricatiol tecniquea. licroelectrode arrays vith four platinum electrodes that are
60 raln 0.5 ptm in vidth vith a 1.0 pa interelectrode spacing.

The arrays vere modified with electropolynerised'layers of (m(v-bpy) )
2
+

(s-Fe. Au. Os; v-bpy io 4-vinyl 'methyl 2.2'bipyridine). lectrocheiluinescence yas
observed for electrodes modified with the ruthenium polymer. ledox conduction studies
were carried out on bomopolymer and an copolymer films.

209. IYNTISIS AND CONJCTIVITY OF POLYMRIC TRANSITION METAL COMPLEXES
COORDINATED BY DIAINOSE1ZENEDITHIOL. K David McDersott

and Tsong Tsai, N --vay asearch Laboratory, Washington, D. C. 20375-5000

Linear coordination polymers of transition metals vere prepared from
metal (I) halides and a tetradentate ligand, 1,4-diamino-2,5-
benzendithiol, under aqueous alkaline conditions free of oxygen. The
resulting polymeric metal complexes are black-colored insoluble powders. %
The stoichiometry of the metal relative to the ligand is 1.25 - 1.50. The
X-ray diffraction shows these metal-complexed polymers to be crystalline
and their diffraction patterns are almost all identical, vhile their peak
positions are shifted to higher diffraction angles as their electrical I
conductivity increases. The room temperature conductivity of compaction
samples ofethe complexed polymers is highest with the Co-compex
(2.1 X 10-1 S/cm) and is least with the Ni-;omplex (1.9 X0 -

i S/m).
Those of Fe- and Cu-complexes are 1.OX 10" and 5.4 X O" ° 

8/ce,
respectively. These metal-complexed polymers exhibited paramagnetic
behavior, and the polymer conductivity was found to be proportional to the
spin density and linewidth of ESR spectra.
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